The red mud disaster occurred on 4th October 2010 in Hungary has raised the necessity of rapid intervention and drew attention to the long-term monitoring of such threat. Both the condition assessment and the change monitoring indispensably required the prompt and detailed spatial survey of the impact area. It was conducted by several research groups -independently -with different recent surveying methods. The high spatial resolution multispectral aerial photogrammetry is the spatially detailed (high resolution) and accurate type of remote sensing. The hyperspectral remote sensing provides more information about material quality of pollutants, with less spatial details and lower spatial accuracy, while LIDAR ensures the three-dimensional shape and terrain models. The article focuses on the high spatial resolution, multispectral electrooptical method and the evaluation methodology of the deriving high spatial resolution ortho image map, presenting the derived environmental information database.
introduction
The corrective measures of disaster recovery and the preventive study of hazardous areas require efficient, highly detailed, GIS-based decision-support system. Environmental databases help the systematization of the spot collected information provided by on-site sampling and the surface data obtained from remote sensing. GIS applications based on these databases promote disaster recovery planning and evaluation of the environmental effects. Furthermore, they provide a statistical comparison of test data and facilitate the extraction of spatial model inputs by easily interpreted thematic maps. Nowadays, the ecological models are usually based on information summarized by the Environmental Information System based on GIS layers of the surface analysis.
The survey of the area was urgent for the defence. As it appeared on the Hungarian Academy of Sciences webpage: 'The environmental damage, especially soil contamination, affects a well-defined area. The organized prevention of further damage takes place on a continuous basis ' (MTA. hu, 2011) . The direct impact area of the disaster occurred in October 2010 has been investigated at the same time of our survey by different remote sensing methods. During data collection, five different remote sensing systems were used and the processing of different technologies and the collected data were intended to be streamlined and combined for both short-and long-term purposes. The approximate size of the affected area was estimated at about 1,000 ha based on the information derived from the high spatial resolution IKONOS satellite data (GeoEye) and airborne imagery (Disaster Management) (Burai et al., 2011) . Our aim was to create a database with high accuracy by increasing the spatial resolution and applying the new generation CMOS sensors (Bakó, 2012) which is more detailed than databases of space remote sensing or lowresolution aerial remote sensing. Similarly to the segment-based classification solutions of aerial and satellite images (László et al., 2011) , we have also developed a methodology description for semi-automatic classification of our high-resolution orthophoto map accrued by aerial remote sensing.
The Red mud Disaster
On 4th October 2010 at 12:05 pm (CET) the northwestern corner of red mud reservoir number X -where the maximum of shear stress concentrated -near Kolontár settlement (Hungary) has cracked and broke (Fig. 1.) . The rapidly flowing red mud flood affected the inner area of Kolontár and Devecser (Fig. 2. ) causing injury to 150 people and killing 10 people. Outside of the inhabited areas the catastrophe has caused significant damages in wildlife (Fig. 3.) . Most of the casualties have been suffered first or second degree burns caused by the alkaline ingredients of the mud flow.
The flood reached seven settlements situated along the valley of Torna Stream. The channel was not wide enough to lead the mud without flooding the low-lying areas around. The contamination reached the River Danube, through the tributaries of Marcal, the Rába and the Moson-Danube rivers (Fig.  4.) .
Immediately after the subside of the flood, 100 000 liters of alkaline water stored in the neighboring reservoir has been neutralized by using acid. After that, the cleaning of the Torna stream has begun by draining away the content of the older reservoir. Red mud is a hazardous solid waste product of refining bauxite containing minerals insoluble by natron and solid salts formed by compounds reactable with alkali. The waste is produced by the extraction of alumina from bauxite ore in the Bayer process (Pulford et al., 2012) . Like most of concentrated residues, the red mud contains some enriched radioactive elements too (Bálintné et al., 2012) . Deer footprints in the red mud 1.5-2 tons of red mud is produced from 1 ton alumina production. The immediate impact was the devastation caused by the massive mud flood and its extremely high alkaline pH, in addition the indirect threat is the floating dust (Viczián, 2004) . Experiments have shown that the Na salinity, not the trace metal contamination, is the main concern for this red mud in soil (Ruyters et al., 2011) .
The red color of the mud is caused by the high concentration of ferric oxide. The alkalinity is a consequence of the high NaOH content, thus the untreated red mud is reckoned as hazardous, although EWC 01 03 09 is not determined as dangerous waste by European Union's legislation (Kátai et al., 2010) . In nature, alkali by itself has no longterm environmental impact, because water dilutes it, however, in short-term it's corrosive effect causes vegetation damage (kvvm.hu, 2011). One of the major concerns about the aftermaths of the accident is the potential health effects of vast amounts of fugitive dust from red mud sediment. The University of Pannonia, Veszprém studied the chemical and physical properties of the red mud particles and dust; the scientists concluded that particles of red mud dust were too large to be inhaled deeply into lungs, where they could cause the most damage (Gelencsér et al., 2011) . 
method

The photogrammetric Survey that Substantiates the System
The order for mapping the affected area has arrived on 5 th October from the Hungarian Ministry of Rural Development. The most efficient, rapidly productable base map to accurately locate the contaminated area and to plan recovery is the precisely georeferenced, high resolution aerial imagemosaic. The adverse weather permitted the survey of the entire area only on 6th October. To trace the effects of the contamination we planned time-series recording. The second survey conducted between 12:54 and 14:04 on 11th October has already detected the final-state of the red mud coverage. The high resolution survey has been performed by a plane expressly modified for remote sensing (Fig. 5.) , from 1500 and 600 m relative flight altitude with own-developed IS 2 camera system. The acquired 300 perpendicular axes aerial images with 18 cm spatial resolution was the base of the 1:2100 scale aerial image map product. The high resolution georeferenced (Hungarian National Grid) images have been completed with oblique axis overview image series prepared from all sides, covering the whole area. After recording the directly affected area, the team surveyed the state of the contaminated river sections along the Torna Stream and Duna River towards Esztergom. The third, 11 cmspatial resolution survey was conducted on 27 th September 2011 from 1467 m relative flight altitude. Creation of accurate map required the collection of ground control points (GCPs). During a one week long fieldwork, the team collected 421 GCPs with 1.5 cm horizontal and 5 cm vertical accuracy (Fig. 6 ) for orthorectification and for accuracy analysis. These points in addition to the calibration data of camera system were necessary to process the true color (RGB) and multispectral images , correct distortions and georeference them.
The high spatial resolution is the base of the high topographic accuracy, and our aim was to produce more accurate map than the available satellite images and the hyperspectral aerial mission. If the spatial resolution is higher, the GCPs can be identified more precisely. The surveying speed (ground speed of the flight) and the spatial resolution of our products are not the only development that makes them better than previous topographic maps and other aerial and satellite surveys; their density, hues also offers substantially wider range of visual interpretation and classification methods as (Fig. 7.) illustrates. 
evaluation
The evaluation of the digital map has lasted two months for the Interspect Research Group due to the lack of financial support. The visual interpretation and the supervised classification have been carried out as interdisciplinary survey by experts. Our aim was to extract the changes of the buildings, the vegetation and the soil. The adequacy of area-based interpretation depends on the geometric accuracy and resolution of the image-map, as well as the accuracy of derived data of thematic interpretation (distortions and failures of visual and classification interpretation of the aerial maps, adequate joint of field data). Therefore the evaluation with thoroughly checked conditions accompanied by field controlling is crucial (Bakó, 2010) . The georeferenced imagemosaic was especially useful for the disaster management, for the ministries and the universities that took part in the evaluation process. The time-series images record the changes in building stocks, vegetation, wildlife as well as soil-and water-quality. Using them the long-term environmental effects can be deducted.
Analysis of the Affected Area by Using Image Processing Methods
Firstly, the aim was the extraction of the red mud-covered areas by using classification, Fig. 7 . Google Earth section is on the left while on the right the aerial image made with IS 2 system is presenting the same area reduced to the same resolution Landscape & Environment 9 (1) 2015. 1-11.
the vectorization of the red areas from the raster files, making land cover statistics and comparing these with the results of the visual interpretation.
Pre-Classification: Enhancement of the RedColored Areas.
The hue which corresponds to the red mud has been enhanced; this is how the images were prepared for a better segmentation.
The separation of the mud (from its surroundings) coverage was achieved by the configuratinghe features of the raster image like the selective colors. In case of the red component: reduction of the magenta and the cyan component, increasing of the red color; in case of the yellow component: increasing of the cyan, reduction of the magenta and yellow colors; in case of green and cyan component: radical decreasing of the cyan, magenta, yellow colors; in case of blue and magenta component: increasing of the yellow color.
In this way the surrounding land cover categories get fused. The color intensity of the orthophoto mosaic was radically changed, the hues were arranged, and the saturation 
Classification
The supervised classification was processed by using ENVI 4.8 software. Two types of training area was defined and marked as regions of interest: one was red mud-covered, the other regions were not flooded.
The Minimum Distance method was found being the optional one, because the flooded regions were well-separated. The distancebased method is established, fast and responsible results can be expected. In this case, the base of the classification decision is the distance between the unknown pixel and the class average calculated for all thematic class samples. So the n-dimension point how far from is the centroid of the classes. The algorithm finds training area's average (per band) is the closest to the pixel's color.
This method results in a raster file in which the surfaces have homogeneous values, the pixels can get only two values. In the post-classification too small surfaces (<4 m2) were filtered; then these were merged and incorporated into larger surfaces. The value of Minimal Mapping Unit (MMU) was 10 pixel diameter. Smaller surfaces were not taken into account. During the vectorization, a more manageable file was generated then generalized with fewer node-points.
Vectorization
Two possibilities were considered to create the borderline of the red mud-covered areas with ENVI 4.8 or ERDAS IMAGINE 2011 software. The advantage of the former is its .HDR format containing the information from the training areas: which part of the image is mud-covered. Thus the vectorization is accomplished by using this information. Completing the vectorization, each object has become determined as an area type resulting in a polygon-type shapefile.
Post-production of vectors
The result of the classification, the vectorgraphic file requires manual corrections. For example the red hues of roofs, ploughlands, withering plants are similar to the mud's red hue.
The corrections of the vectorgraphic file and the evaluation of the statistics were performed by GlobalMapper 13.2 software.
By visual interpretation, the largest extension of the red mud suffusion was located on 5 944 262 m 2 area (100%). The result of the classification was 5 785 793 m 2 . The difference between the two methods is 158 469 m 2 , which corresponds to 2.67% difference from the visual interpretation.
The typical failures of classification and visual interpretation, and the causes of the difference are the followings:
The semi-automatic classificationalthough it decreases the subjective effects of the analysis -subtracts the crown and the shadow of the woody plants from the flooded region. The same phenomenon was observed in the areas where gypsum -which had been used to neutralize the alkaline mud -has been washed into the mud. In the affected area trees, shadows, roofs and other incorrectly classified spots outside the flood must be added to or subtracted from the polygon of the flooded area.
During visual interpretation the traces of the mud on gently sloping areas were not considered where the flood has passed through during the first day and painted the vegetation red. This is caused by the subjectivity of the analyzer (Fig. 9. illustrates  this) . However, the algorithm detected and added these outer areas to the resulting polygon too. Therefore the flooded areas ignored by the analyst also have been delimited. The visual interpreter is unable to distinguish the hues correctly, thus the accuracy is variable by region. In contrast, the classification is less subjective, the accuracy is the same for the whole working area, if illumination has not changed and images are cloud shadow-free during the recording.
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On Fig. 2 . the yellow polygon system indicates the result of the classification and the red polygon system shows the visual interpretation; by classification the size of the suffusion is 30.11% larger on the sample area than by visual interpretation. However, in some part of the image map just the opposite could be observed. The classification detected the state of the red mud at the time of the recording, because the receded mud (flooded the area on the preceding days) reflected differently in color and texture in the image. Contrarily, the visual interpretation classified also those sections to the flooded area, where it seemed the mud had been there formerly; for example on the sample area (Fig. 10.) where the mud passed through, but did not accumulate. In similar areas the difference between the classification and the visual interpretation methods is much larger, in this case 81.69%. The result of visual interpretation is 15 573 m 2 , the corresponding classification's polygon of the same area is 26 695 m 2 . But the size of these sub-areas is minimal; the failures were corrected by vector relocation manually. The difference between the objective classification and the subjective visual interpretation method could be verified on surfaces, where the extent of flood has not changed since the mud had passed. These sub-areas usually relate to scarps and terrain representing well the difference between the two interpretational methods.
In this 66 345 m 2 sample area (Fig. 11. ) the visual interpretation resulted in 32 630 m2 flooded area, while by classification the result was 32 647 m 2 . The 17 m 2 difference corresponds to 0.05% in this case. On Fig. 11 . this minimal difference is shown. Fig. 11 . Difference between the two interpretation methods.
Results
The area of the stored red mud in the reservoir was 260 514 m 2 before the catastrophe. The amount of the mud can be estimated by using the known parameter of the reservoir. The affected area (except local floods of the streams) is ~ 5 800 000 m 2 (in Kolontár, Devecser, Somlóvásárhely, Somlójenő, Tüskevár and Apácatorna settlements). Inside that area category occurs thicker accumulation zones, where due to the deeper situation of the surface more red mud has been deposited. These areas were inaccessible due to the density and the deepness of the mud. The area of this contamination category is 469 321 m 2 . Decreasing the alkalinity, gypsum has been carried out, that sometimes has not been resolved properly; there (on about 23 570 m 2 ) whitish discoloration and acidic pH appeared, that was also localized with classification. On 11th October the recovery fieldworks have already begun. Till that 
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